Mycoplasma bovis was isolated from the tympanic bullae of dairy calves with an exudative otitis media. The history, clinical signs, gross and histologic lesions, and bacteriologic findings are described for 5 preweaned Holstein calves with otitis media from a 600-cow dairy in Michigan. Clinical findings consisted of unilateral or bilateral ear droop, epiphora, head tilt, and recumbency in severely affected calves. Postmortem examination revealed unilateral or bilateral fibrinosuppurative to caseous exudate in the tympanic bullae. Histologically, a marked fibrinosuppurative to caseous exudate filled the tympanic air spaces. The partially ulcerated tympanic mucosa was markedly thickened with mononuclear cell infiltration and proliferation of fibrous connective tissue. Bone remodeling and periosteal hyperostosis were present in some osseous septa. Mycoplasma bovis was isolated from the tympanic bullae of all 5 calves and from the lungs of 2 calves and the frontal sinus of 1 calf. Mycoplasma bovis was isolated at > 100,000 colony forming units/ml from the bulk milk tank of the farm of origin. The isolation of M. bovis from the bulk milk tank, indicating subclinical mycoplasmal mastitis coupled with the feeding of waste milk from mastitic cows to calves is suggestive of a possible source of the infection resulting in otitis media in preweaned dairy calves.
Otitis media has been reported in preweaned and postweaned calves as caused by Haemophilus somnus 15, 18 Pasteurella multocida, 10,23 Streptococcus spp., 2 Actinomyces spp., 2,7,10 the ear mite Raillietia auris, 13, 19 and recently Mycoplasma bovis. 7 Disease is reported to occur from as early as 4 days 23 to 10 weeks of age 2,9 in preweaned calves. Ages of postweaned cattle with otitis media have been reported to range from 4 to 8 months 2,10,15 and from 12 to 18 months. 10 Most of the cattle affected have been of the beef breeds, 9, 10, 1, 5, 18, 19 but Holstein dairy calves have also been reported to be affected. 2, 7 Estimates for morbidity have been reported as 1% in feedlot yearlings, 10 1% in dairy calves, 7 10% in feedlot animals, 18 20% in feedlot weaned calves, 10 and as high as 80% in individually housed calves 23 Clinical findings associated with otitis media in cattle have included facial paralysis exhibited by ear droop, head tilt, and epiphora. 7,10 Purulent exudate present in the external ear canal and pinna is also frequently reported. 9, 10, 18 Occasionally, the disease progresses to otitis interna and meningitis, characterized by ataxia, recumbency, nystagmus, opisthotonos, and eventual death. 2, 7 Gross lesions in affected tympanic bullae include hyperemia, edema, and ulceration of the tympanic mucosa; serous, purulent, or caseous exudate and inspissated debris within tympanic air cells; and remodeling of the temporal bone. 2, 10, 15, 27 Lesions are unilateral or bilateral, and when the otitis media is due to an infestation of the bovine ear by the mite R. auris, the tympanic bullae may be normal without signs of inflammation or rupture of the tympanic membrane. 13, 19 Histologic lesions in cattle with otitis media include lysis of the tympanic ossicles and thickened tympanic mucosa due to a proliferation of vascularized granulation tissue containing lymphocytes and plasma cells. 23, 27 Otitis media has also been reported in other domestic livestock, including sheep, 6,11,14 goats, 4,5,28 pigs, 12,16,17,20,25 and horses. 21 In sheep, the most common etiologic agents have been Pasteurella haemolytica and P. multocida. 11, 14 Etiologic agents of otitis media in goats have included Mycoplasma spp. and mites. 4 In swine, etiologic agents responsible for otitis media include M. arginini, 12 M. hyorhinis, 12,16,17 P. multocida, 20,25 A. pyogenes, 20,25 and Streptococcus spp. 20 The etiologic agents responsible for otitis media in horses were undetermined. 21 The class Mollicutes, of which M. bovis is a member, includes the smallest procaryotic cells capable of selfreplication; these cells are different from other bacteria because they lack the genetic code for a cell wa11. 22, 26 Mycoplasma bovis is present worldwide and has been associated with polyarthritis, tenosynovitis, mastitis, pneumonia, genital infections, and abortion in cattle 1, 22 Mycoplasma bovis is the most common cause of mycoplasmal mastitis, which results in shedding of the organism in milk. This shedding may continue indefinitely beyond apparent clinical recovery. 26 Mycoplasma bovis is frequently recovered from the respiratory tract of cattle, especially in herds with a history of mastitis due to M. bovis. 3, 26 In this report, we provide the first detailed description of the pathologic findings of M. bovis-associated otitis media in cattle.
Materials and methods
Calves. Five Holstein calves (A-E) were presented to the College of Veterinary Medicine at Michigan State University for physical examination and diagnostic workup. The calves originated from a 600-cow dairy farm in south central Michigan. A farm record system for the calves was absent; thus, only rough estimates of morbidity and mortality could be determined by questioning the farm owners.
Clinical pathology. One of the 5 calves (E) was admitted into the Veterinary Medical Center because of the calf s genetic potential as a replacement animal. Whole blood was collected in ethylenediaminetetraacetic acid and submitted for a complete blood count, and serum was submitted for a biochemistry profile.
Necropsy and histopathology. Four calves (A-D) were euthanized. Calf E died despite attempts at treatment. All 5 calves were submitted to the Animal Health Diagnostic Laboratory for necropsy. A gross postmortem examination was performed on all calves, and specimens were collected for bacteriologic, virologic, and histopathologic examinations. Tissues collected for histopathologic examination included liver, spleen, lung, heart, small and large intestine, adrenal gland, kidney, thymus, tonsil, brain, temporal bone, and auditory tube (calf C only). The tympanic bullae were opened ventrally to facilitate examination and sample collection. All tissues collected for histopathologic examination were fixed in 10% neutral buffered formalin, trimmed, embedded in paraffin, sectioned at 6 µm, and stained with hematoxylin and eosin (HE) according to standard procedures. Temporal bones, including tympanic bullae, were decalcified with 5% nitric acid and rinsed prior to processing for histopathologic examination.
Bacteriologic examination. Cultures were collected from opened tympanic bullae and sections of affected lung. In addition, 2 milk samples from the bulk milk tank were collected 3 wk apart. Samples for bacteriologic analysis were inoculated onto 1) Columbia agar a supplemented with 1% yeast extract, b 1% horse serum, c and 5% defibrinated sheep blood d (EBA plates), 2) onto CNA a and MacConkey b (MAC) agar, and 3) into thioglycolate a broth supplemented with 0.001% hemin and 0.001% vitamin K. All samples were also set up for mycoplasma isolation on pleuropneumonia-like organism agar a and broth supplemented with 20% pig serum and 2.5% yeast extract. e The EBA and CNA plates were incubated at 35-37 C in an environment of 5% CO 2 . The MAC plates and thioglycolate broth were incubated at 35-37 C under atmospheric conditions. The mycoplasma plates were incubated in 8% CO 2 at 35-37 C. Mycoplasma isolates were identified by indirect fluorescent antibody testing using antibodies produced in rabbits against American Type Culture Collection-specific strains.
Virologic examination. Specimens of lung were collected for virus isolation procedures for bovine herpesvirus-1 (BHV-1) and bovine viral diarrhea virus (BVDV) and for immunofluorescent antibody testing for BHV-1, bovine respiratory syncytial virus (BRSV), and parainfluenza-3 (PI-3) virus. In addition, specimens of spleen, thymus, and small intestine were collected for virus isolation procedures for BVDV. Specimens of large and small intestine were obtained from 1 calf (E) with diarrhea for fluorescent antibody testing for rotavirus and coronavirus. Virus isolation and immunofluorescent antibody testing were performed according to standard laboratory procedures in the Animal Health Diagnostic Laboratory.
Results
History. Signs of otitis media had occurred sporadically on this farm over the past 2 years. According to the history, all calves received 7.6 liters of colostrum divided in 3 feedings within the first 24 hours of life. The first feeding of colostrum was administered by esophageal calf feeder, and subsequent feedings were administered by calf bottle. Calves were then given either a commercial milk replacer or discard milk from antibiotic-treated cows, depending upon the availability of this milk. Calves were given a parenteral vitamin E and selenium preparation and injections of vitamins A and D at birth. The signs of disease began at approximately 2-5 weeks of age and were characterized initially by an ear droop and epiphora. Facial paralysis was reported by the owner in some calves. Morbidity was estimated at 3-10%, and mortality was estimated at 50%. Morbidity was seasonally dependent and was higher during the winter months, according to the farm owners. Death occurred approximately 2 weeks after the onset of signs. The 50% of affected calves that survived had responded to treatment with a variety of antimicrobials used alone or in combination. Antibiotics used included oxytetracycline hydrochloride, tylosin, and procaine penicillin G. Otitis media was independent of housing environment as indicated by similar morbidity and mortality rates in calf hutches and group housing. The disease was also independent of the age of the dam, with similar morbidity rates estimated by the farm owners in primiparous and multiparous dams.
Physical examination. Both male and female calves were affected, and calves ranged in age from 19 days to 29 days at the time of presentation (Table 1) . Three of the 5 calves were recumbent (calves A, C, D) and unable to rise. Opisthotonos was present in 1 recumbent calf (A), and horizontal nystagmus was present in 2 recumbent calves (A, C). Epiphora and unilateral or bilateral ear droop were evident in all calves. A head tilt toward the side of the ear droop was present in the 2 calves (B, E) still ambulatory. None of the calves had an exudate in the external ear canal. All calves main- of physical examination findings for 5 calves tained an active suckle reflex. The physical examination findings of the calf (E) that was hospitalized and treated included sternal recumbancy, epiphora, left ear droop, subnormal rectal temperature (37.7 C), bilateral serous nasal discharge, and diarrhea. Pulse and respiratory rate were within normal limits. A catheter was placed in the external jugular vein and intravenous antibiotics consisting of ceftiofur sodium at 2.2 mg/kg twice daily and potassium penicillin G at 22,000 IU/ kg 4 times daily were administered. Calf E's condition progressively worsened, and the calf died 12 hours after admission.
Clinicalpathology. The results of the complete blood count performed on calf E were within normal limits. The results of the serum biochemistry profile were also within normal limits except for elevations in creatine kinase and aspartate transaminase.
Gross findings. Three of the 5 calves (A, B, E) were emaciated with serous atrophy of perirenal and pericardial fat. Lesions of the tympanic bulla consisted of an accumulation of serous fluid, suppurative exudate, or a caseous exudate (Fig. 1) . The exudation was pres- ent unilaterally or bilaterally. Calf B, with unilateral left otitis media, had a suppurative frontal sinusitis. Bilateral anteroventral bronchopneumonia involving approximately 30% of the lung parenchyma was present in calf D, with unilateral left otitis media. Pneumonia was characterized by a well-demarcated zone of consolidation and dark red/purple discoloration. Tympanic membranes were intact in all 5 calves, and gross lesions involving the auditory tube and meninges were not evident in any calves.
Histopathologic findings. The exudate within the tympanic air spaces was a mixture of fibrin and neutrophils. The tympanic mucosa was thickened as the result of a well-vascularized proliferation of fibrous tissue infiltrated by lymphocytes and plasma cells (Fig.  2) . Some areas were devoid of mucosal epithelium and others had intraepithelial inflammatory cell infiltration. In calf B, the osseous septa were thin or absent because of osteolysis. The periosteum was thickened with new bone formation and infiltrated by inflammatory cells. Calf B also had an accumulation of neutrophils within the mucosa and lumen of the frontal sinus. In calf C, lymphocytes and plasma cells were present in the mucosa of the auditory tube. Calf D had a neutrophilic infiltration into bronchi, bronchioles, and alveolar spaces. Lymphocytes and plasma cells cuffed bronchi and bronchioles, and there were areas of sequestration characterized by areas of coagulative necrosis with marked exudation of fibrin and accumulation of neutrophils at the periphery of the necrosis. Sections of brain were normal, and cranial nerves were not examined histologically.
Bacteriologic findings. Pure cultures of M. bovis, > 1,000 colony-forming units (cfu)/plate, in 4 of 5 calves and a mixed infection of P. multocida (> 1,000 cfu/ the calves in this report, therefore this possible pathoplate) and M. bovis (> 1,000 cfu/plate) in the remaining calf(D) were isolated from the exudate in the tympanic genesis was discarded.
Previous immunohistochemical studies of otitis mebullae. Mycoplasma bovis, in conjunction with alpha-dia in swine associated with Mycoplasma have demhemolytic Streptococcus and a Bacillus sp., was also onstrated infection in the auditory tube as the predisisolated from a lung specimen of calf D, with antero-posing factor for the development of otitis media. 12, 16, 17 ventral bronchopneumonia. Mycoplasma bovis and M. The proposed pathogenesis of Mycoplasma-associated bovirhinis were isolated from a lung specimen of calf otitis media in swine is extension of infection from the B, with no gross or histopathologic evidence of pneu-auditory tube into the middle ear. 12, 16 Colonization of monia. A swab taken from the frontal sinus of calf B, the nasopharynx in swine by Mycoplasma precedes with the frontal sinusitis, yielded M. bovis in pure cul-eustachitis, which precedes otitis media. 12 Mycoplasture. The 2 samples of bulk tank milk also yielded M. ma bovis was isolated from the bulk milk tank in the bovis; the first sample produced > 100,000 cfu/ml. present study. The ingestion of colostrum or milk from Virologic findings. Tests for BVDV, BHV-1, BRSV, cows subclinically or clinically infected with M. bovis and PI-3 virus were negative. Specimens of large and may be of importance in the pathogenesis of otitis small intestine from the calf (E) with diarrhea were media in these preweaned calves. A previous study positive for coronavirus and negative for rotavirus by indicated that in dairy herds of cows with mastitis due fluorescent antibody testing.
to M. bovis, calves were more likely to carry M. bovis on their respiratory mucosa than were calves from dairy
Discussion
herds without a history of M. bovis mastitis. 3 Another previous report indicated that infection in the pharyn-The clinical signs of M. bovis-associated otitis media geal region following the ingestion of mastitic milk was in calves in this report are similar to those previously the source of otitis media caused by Streptococcus and reported for other causative agents of otitis media in Actinomyces. 2 No new cases of otitis media were decattle. 2,7,10 Ear droop and epiphora observed in the cur-tected in that study after the contaminated milk was rent study are indications of facial nerve paralysis, and discarded. 2 Speculation on the pathogenesis of M. bovthe head tilt and nystagmus are signs of vestibulo-is-associated otitis media in the present report involves cochlear nerve dysfunction. 8 The gross and histologic lesions of M. bovis-asso-the feeding of colostrum or mastitic waste milk to preweaned Holstein dairy calves. This feeding of M. ciated otitis media are fibrinosuppurative exudates, bovis-contaminated milk results in colonization of the similar to the lesions previously reported for other nasopharynx. Extension of infection into the auditory causative agents of otitis media in cattle. 2, 10, 15 Suppu-tube from the nasopharynx precedes the development rative otitis media due to other Mycoplasma species of M. bovis-associated otitis media. The evidence of has been previously reported in mice 24 and pigs. 12 The eustachitis in calf C and the presence of a frontal sipresent report combined with a previous report show-nusitis in calf B in this study lend support to this hying M. bovis-associated suppurative polyarthritis, te-pothesis. Because M. bovis is a common commensal nosynovitis, and bronchopneumonial should alert di-of the respiratory tract and is frequently isolated from agnosticians to the possible involvement of M. bovis the respiratory mucosa of normal cattle, 24 other factors in suppurative lesions of the middle ear, tendons, joints, such as dose of M. bovis ingested, feeding practices, and respiratory system.
These results establish an association between M. bovis and otitis media. The pathogenesis of M. bovisassociated otitis media is currently undetermined. The and hygiene may also contribute to the development of M. bovis-associated otitis media. A previous study with the de-indicated bottle feeding was associated velopment of otitis media in lambs. 14 infection could result from 3 possible sites of entry:
Otitis media secondary to Pseudomonas aeruginosa extension from otitis externa, extension from the au-septicemia has been previously reported in sheep folditory tube, or bacteremia. Otitis media in cattle may lowing handling during dipping. 6 Otitis media secondresult from an infestation of the ear mite R. auris in ary to M. bovis bacteremia cannot be fully discounted the external ear cana1. 13 Six different species of Mycoplasma have also been isolated in conjunction with the ear mites Psoroptes cuniculi and R. caprae from external ear canals of clinically normal goats. 4 Otitis as the pathogenesis in the present study. The isolation of M. bovis from the lungs of calves B and D may indicate the source of a bacteremic event, with the nidus of infection being the lung. Pyogranulomatous media may also be associated with an infestation of tenosynovitis and arthritis in calves have been rethe ear mite P. cuniculi. 28 The ear mites gain access to ported in calves with M. bovis infection and are the the tympanic bulla through the external ear canal and result of bacteremia following bronchopneumonia with tympanic membrane. No ear mites were observed in abscess formation. 1 The purpose of present study was is to draw attention to M. bovis-associated otitis media as a newly recognized disease. The main pathologic feature of M. bovisassociated otitis media is a suppurative exudation in the tympanic air spaces. The pathogenesis may involve extension of infection from the auditory tube into the middle ear. However, further experimental study is necessary to fully expand this hypothesis. This newly recognized disease in preweaned Holstein dairy calves in Michigan may be due in part to the recent expansion of dairy herds in the upper Midwest region of the United States. Along with this expansion, there has been an increased incidence of mastitis caused by M. bovis (R. Erskine, personal communication).
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